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Introduction
Corporate engineering managers and engineering faculty, as well as society as a whole, want to use innovation as a key strategy for maintaining the competitiveness of U.S. companies. Encouraging the growth and application of innovative thinking and behavior in both student and practicing engineers has become a mantra across all types of organizations (National Academy of Engineering, 2005; National Academy of Sciences, National Academy of Engineering, & Institute of Medicine, 2007; National Governor 's Association, 2007) . However, societal confusion exists about the definition of an innovation (Ferguson D. & Ohland M., 2012) , the process of producing an innovation, and the behavior required to be a successful innovator as an engineer (Ferguson D., Cawthorne J. , Ahn B., & Ohland M., 2013) . The research question that guided our investigations started with the engineering innovator interview study and that continued through the Delphi study with engineering innovators was:
"What are the characteristics or knowledge, skills, and attributes that enable engineers to translate their creative ideas into innovations that benefit society?"
The interview study of engineering innovativeness
The interview study of engineering innovativeness was set in an interpretivist framework (Cohen & Crabtree, 2008) with the aim of developing a socially-constructed description of the critical factors of engineering innovativeness (Lincoln Y. S. & Guba E. G., 1985) . The social construction of the description of engineering innovativeness was obtained by conducting, recording, and analyzing 53 interviews with experienced and recognized engineering innovators who described the behavior of innovative engineers, including themselves.
Data collection for the interview study started with open-ended, semi-structured interviews (Creswell, 2008, pp. 225-228; Patton, 2002, pp. 344-354) . A purposeful criterion sample of engineering innovator participants (Patton, 2002, p. 230 ) was identified and recruited by contacting engineering professionals in multiple disciplines and locations to act as connectors to engineering innovators (Gladwell, 2000) .
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Additional engineering innovators were then recruited using a criterion-based snowball approach using the professional networks of the engineering connectors and the interviewees (Gladwell, 2000; Patton, 2002, p. 237 ).
There were two qualifying criteria for selecting engineering innovators for interviews. The first criterion was that the participant is or was an engineer by training or experience and is or was functioning as an engineer in the role they held or had assumed in their work. The second criterion was that the engineer is or was recognized as an engineering innovator and understood through lived experience how engineering innovators behave. In summary, interview study participants were experts on engineering innovativeness and engineers with relevant lived experiences and achievements.
Given the significant expertise possessed by the engineering innovators we interviewed, we concluded that a sample of 53 engineering innovators provided a sufficient population for our qualitative analysis of engineering innovativeness characteristics (Mason, 2010) . The experience levels and recognitions received by a sample of ten of the engineering innovator interviewees is shown in Table 1 . All interviewee names are represented by a pseudonym to keep their identities and remarks confidential. From our analysis of the interview data, we developed names for the characteristics and also extracted quotes which we believed captured the critical behaviors ascribed to engineering innovators (Charmaz K., 2006) . The resulting 20 characteristic names and descriptions developed from the interview data are shown in Table 2 . In Table 2 , the phrase 'in vivo' refers to the fact that these quotes represent the lived experiences of our interviewees. When the interview study data were examined, however, it was clear that a different set of characteristics was emphasized by practically each interviewee. This variance in characteristic emphasis was measured by the number of times a characteristic was mentioned in an interview and is illustrated in Figures 1 and 2 . In Figure 1 , for example, we see that Developer/Adapter (PROBSOLVR) and Risk Taker (OKFAIL) were mentioned 12 times each by Tarik and Ryan, respectively, while Risk
Taker and Persistent (PERSVR) were never mentioned in the interview with Peter. Figure 1 Frequency of mentions during an interview (Ferguson D., 2013) In Figure 2 , we see Challenger mentioned 11 times by Ted and Dana, but only 3 times by Ian. Visionary (VISN) is mentioned 9 times by Dana, but only 2 and 4 times by As a result, our initial purpose in the Delphi Study was the development of a consensus on the definitions of each innovator characteristic and then subsequently to identify the relative importance of those characteristics in the phases of innovation.
Thus, round one of the Delphi Study was designed to focus on reviewing and clarifying the 20 characteristic definitions that we obtained from the interview study. The process of achieving agreement on the engineering innovator characteristic definitions among the 150 Delphi study participants is the focus of this paper.
Delphi Study Methodology
A Delphi Study is a social-constructivist approach to achieving consensus among experts with diverse perspectives. Data are collected through a series of anonymous structured surveys and then shared with those experts. Typically, Delphi studies start with an open-ended survey to have the experts define the problem subject (Hsu & Sandford, 2007; Linstone & Turoff, 1975) . In our case, we seeded the initial Delphi survey with the names and definitions of the 20 characteristics identified from our prior qualitative research (Table 2 ). This type of Delphi Study is referred to as a modified
Delphi study (Ferguson D, et al., 2014; Hasson F., Keeney S., & McKenna H., 2000; Kerlinger, 1973) .
Delphi Study Sample
The criteria for participating in our Modified Delphi Study as an engineering innovator were similar to the selection criteria for the interview study. A Delphi Study participant was first nominated as an innovative engineer by one of our engineering 'connectors' or by a previously identified engineering innovator; second must have received formal training or have significant work experience in an engineering role (Ferguson D., 2013) . A sample of 150 innovative engineers was recruited for the Delphi Study, of which 83% were male and 17% were female. About 25% of the study participants came from organizations with less than 1,000 employees, and over 33% came from organizations with over 10,000 employees, as represented in Figure 3 . Page 26.1650.9 Next, a definition of that characteristic was taken from the Merriam-Webster Online dictionary (Merriam-Webster, 2013), and finally, multiple quotes describing each characteristic were drawn from the interview data (Ferguson D., 2013) . The characteristic names, Webster definitions, and interviewee quotes for the first eight characteristics in alphabetical order are shown in Table 3 . The overall importance ranking for all 20 characteristics from the round one survey is displayed in Figure 5 . The vertical line represents the standard deviation (+/-) of the ranking from the mean (horizontal dash). As shown in Figure 5 , the Associative Thinker, Curious, and Creative characteristics were judged to be the most important characteristics in the first Delphi survey round, while Implementer, Self-Reliant, and Team Leader were judged to be the least important characteristics. The vertical line in Figure 5 depicts one standard deviation from the importance mean (the horizontal dash) for each characteristic which is why it can extend beyond 5.0, the maximum importance rating. In Figure 6 , the participant agreement with each characteristic definition is shown, again with the mean agreement represented by the horizontal dash, and the vertical line representing the range of one standard deviation in the agreement data.
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Creative and Risk Taker). Based on this difference in the importance ranking of the characteristics vs. the ranked agreement with their definitions, we concluded that a reexamination of the characteristic definitions was required before we could proceed with the next stages of the Delphi study. We also received 41 suggestions for definition changes from the Delphi participants, as well as over 600 clarifying comments regarding individual characteristic definitions. Our team strategy for this redefinition process was to consider every participant suggestion for possible modification of the relevant characteristic definition and to seek unanimous team agreement on the cumulative changes or new characteristic definitions. Accordingly, we developed a Characteristic Redefinition Protocol as described below which resulted in the revised definitions shown in Table 6 .
Characteristic Redefinition Protocol
 Each characteristic definition [ Table 5 column 3] starts with a verb (which is underlined in Table 6 ).
 Each characteristic description [ Table 5 column 3] has a clear purpose stated (highlighted).
 All of the descriptive text in the definition [ Table 5 column 3] must be taken verbatim from written comments of Delphi participants.
 All suggestions for name changes [ Lazy Tries to do a task with minimum effort / / Thoroughness -extremely attentive to accuracy and detail. "Thoroughness leads to unexpected discoveries." / Disciplined --rigorous behavior in following a logical path to a solution --It is relatively easy to generate ideas, but more difficult (and absolutely necessary) to carry the idea forward to a conclusion. Looks for the Ah Ha moment / / Sees the point at which many different threads come together, and is able to capitalize on it scientifically, organizationally and financially. / / I walked down the hall, and saw a micrograph of a sample using that process, and realized I could do something new with it. Mathematicalcan leverage or partner with mathematical disciplines to maximize the robustness of the invention. The engineering innovator seeks to leverage mathematics and computational resources to illuminate and improve the invention. Rather than 'analytical' -how about 'system thinker'.
After the redefinition process was completed and new characteristic definitions shared with Delphi participants, the overall characteristic agreement mean was 96%, compared to the previous mean of 87%. Table 6 Actively searches for multiple choices or solutions or new non-obvious options to make something better. Looks beyond what they or others know. Looks outside of their own area of specialty to find solutions.
Analytical
Separates something into component parts or constituent elements. Uses mathematical or other modeling techniques to synthesize problems. Simplifies complex systems into sub-systems or elements. Attentive to accuracy and detail. Able to think critically.
Associative Thinker
Joins or connects together ideas or facts from different domains or experiences. Sees connections that help them to explore the solution space. Does systems thinking. Able to transpose experiences and observations across seemingly unrelated domains.
Challenger
Questions the current state of things. Driven to find a better way. Challenges the status quo and thinks of ways to improve and make better the current process or product. Is skeptical and reluctant to accept conventional thinking or what may appear obvious.
Collaborator
Actively networks with people in or supporting the project. Integrates the knowledge of others into a better solution than from any one individual. Incorporates ideas and strategies of others that may differ from their own. Brings together people with a diversity of knowledge and utilizes the collective knowledge to solve a complex problem.
Communicator
Explains the idea, the concept, and the opportunity by speaking, writing, gestures or use of pictures or diagrams. Tells a story to advocate for the idea. Makes the idea easy to understand to sell the idea.
Creative
Invents a new product, process or concept that has value to a community. Applies existing technology in a new way to solve a problem. Takes a unique approach to solving a problem, sharing information, connecting ideas, or exploring options.
Curious
Actively challenges themselves to learn or know more about something. Seeks or pursues unexplored paths. Is eager to learn and experience something. Asks good questions and listens to others. Is inquisitive and purpose driven.
Developer
Enables self and others by breaking down barriers and obtaining sufficient resources to move something ahead. Brings ideas to life and demonstrates them. Turns ideas into real world solutions. Focused on making "something" better in some way.
Experimenter
Performs a series of actions and carefully observes their effects in order to learn about something. Tries an idea out in situations to help develop the idea. Conducts tests, fails, learns, and retests. Fails forward fast. Implementer Takes an idea from development into an end product. Turns ideas into workable systems that last a full life cycle in implementation. Takes the idea to a usable conclusion. 
Conclusions and Recommendations
Based on the level of innovation expertise present among our interviewees, the size of the Delphi Study sample was judged to be adequate and the innovation expertise of the participants representative of innovators in the engineering profession.
Given the 96% approval of the revised definitions received from Delphi participants, the research team concluded that the revised engineering innovator characteristic definitions were appropriate for use in all future Delphi surveys and any related engineering innovativeness research. This level of participant agreement (96%) is highly unusual for a Delphi study.
As no other set of co-constructed engineering innovator characteristic definitions has been identified (to our knowledge), these characteristic definitions and behavioral capacity descriptions are unique, certainly for engineers and potentially for other professional disciplines or activities where innovations in products, processes or concepts are important. We recommend that these characteristic definitions be used in any related studies. Furthermore, the variations in the frequency of mentions of the characteristics and the differences in their ratings of importance by the engineering innovator interviewees suggest that the variance among engineering innovators in terms of their characteristics may be large. Further investigation of these differences in characteristic combinations among engineering innovators is highly recommended. (Weis & Fine, 2000 pp. 60-66) . The interview study sample size, while adequate for a grounded theory qualitative study (Mason, 2010) , also may not adequately represent all engineering disciplines. There also was no attempt to examine differences in engineering innovativeness across cultures. Our Delphi sample is only of experts not a sample representing the entire engineering population.
Next Steps
The subsequent survey rounds of the Delphi process used the revised characteristic definitions to assess which of the characteristics were most important in the discovery, development and implementation phases of the innovation process. In addition, in constructing a new assessment tool for engineering innovativeness, the revised characteristic definitions were used to identify items in existing validated instruments that might be used to inform the construction process and subsequent testing of an instrument to measure engineering innovativeness among student and practicing engineering populations.
Once the measurement instrument has been tested, refined and is available for 
